It was reported that penicillin (PC)-susceptible mutants were isolated at a high frequency from penicillinase-producing strains of Staphylococcus aureus. Voureaka (24) reported that the virulence and resistance to PC and streptomycin (SM) of a strain of S. aureus decreased after exposure to injurious agents and that new characters remained unchanged through 50 passages in normal laboratory media. Similarly, we found that the crossresistance to macrolide (Mac) antibiotics in staphylococci was eliminated irreversibly by treatment with acriflavine and was jointly transduced with typing phages 80/81, indicating that the determinants goveming crossresistance to Mac are located on a single genetic element different from the chromosome, probably on a plasmid (17, 18) . PC resistance in staphylococci was also eliminated by treatment with acriflavine, and the reversion from PC resistance to PC sensitivity was accounted for by the loss of capacity to produce penicillinase, whose determinant was located extrachromosomally, probably on a plasmid (9) . Novick (20) also proposed the possibility that PC resistance in S. aureus was associated with a plasmid and was thus inherited extrachromosomally.
It was reported further that the determinants governing resistance to both PC and Mac in staphylococci were jointly eliminated by treatment with acriflavine and were jointly transduced with phage lysates obtained from such strains by ultraviolet (UV) irradiation (17) , indicating that the determinants governing re-1169 sistance of staphylococci to both PC and Mac are located close together on a single genetic element, i.e., a plasmid. Thereafter, many papers have described unstable resistance in staphylococci, whose determinants may be located extrachromosomally (3, 4, 6, 12, 15, 16, 18, 19) . This paper deals with the isolation of recombination-deficient (rec-) mutants Clinical source  his+  MS3937-1  Mutation from  his-MS3937  MS3937-2  Mutation from  his-uvr-MS3937-1  MS3937-3  Mutation from  his-uvr-MS3937-1  MS3937-4 Mutation from his-uvr-MS3937-1
MS3878
Clinical source tet-r str-r cml-r pen-r PS80
Propagating strain pen-r of typing phage aAbbreviations and symbols; his, histidine; tet, tetracycline; cml, chloramphenicol; str, streptomycin; pen, penicillin; +, wild type; -, auxotrophic for amino acid; r, resistant; s, sensitive; uvr-, sensitive to ultraviolet irradiation. NaCl, 0.5 g of sodium citrate 5H20, 0.5 g of (NH4)2SO4, 1 g of MgSO4-7H2O, 10 mg of nicotinic acid, 10 mg of thiamine hydrochloride, and 1,000 ml of deionized water (14) . Glucose (10%) and histidine (1%) solutions in distilled water were sterilized separately and added to SYM in a final concentration of 2 mg/ml and 100 jg/ml, respectively. This medium was called SYM-His. SYM agar and SYM-His agar were prepared by adding 1.5% Kyokuto agar powder. A medium DDM (pH 7.2) was used for the assay of deoxyribonucleic acid (DNA) degradation by UV irradiation and consisted of 2 g of glucose, 1 g of NH4Cl, 7 g of Na2HPO4, 2 g of KH2PO4, 2 g of NaCl, 120 mg of MgSO4-7H2O, 10 mg of CaCl2, 100 mg of thiamine, 200 mg of Casamino Acids, and 1,000 ml of distilled water.
Isolation of mutants. S. aureus MS3937 is a histidine prototroph (i.e., his+). A 0.1-ml amount of an overnight culture of MS3937 his+ was suspended in 10 ml of SYM and shaken at 37 C. After 3 hr of incubation the cultures were centrifuged, the packed cells were uniformly suspended in 10 ml of SYM, and NG was added in a concentration of 100 jg/ml. After 1 hr of incubation at 37 C, the cells in 2 ml of the culture were harvested by centrifugation, washed once with SYM, and suspended in 10 ml of SYM. After further incubation for 2 hr, both 1-histidine (100 Ag/ml) and penicillin G (100 jg/ml) were added to this suspension. After 4 hr of incubation at 37 C, the culture was centrifuged at 10,000 x g for 10 min. The precipitated organisms were washed twice with 5 ml of saline and suspended in 1 ml of saline. The bacterial suspension was diluted 10-and 100-fold with saline, and 0.1 ml of each dilution was spread onto two plates, i.e., SYM agar and SYM-His agar. After 24 hr of incubation at 37 C, the colonies which grew well on SYM-His agar but did not grow on SYM agar plate were picked and subjected to three successive single colony isolations on an SYM-His agar plate.
UV-sensitive mutants were obtained by a slight modification of the method described by Setlow et al. (22) . An overnight culture of S. aureus MS3937-1 was diluted 100-fold with fresh broth and incubated with shaking at 37 C. After incubation for 3 hr, 5 ml of this culture was suspended in 5 ml of broth containing 200 gg of NG/ml. After 1 hr of incubation at 37 C, the culture was centrifuged at 10,000 x g for 10 min. The cells were washed once with saline, resuspended in 10 ml of fresh broth, and shaken at 37 C. After 2 hr of incubation, the culture was appropriately diluted with fresh broth and plated on HI agar. After 24 hr of incubation at 37 C, each plate was replica-plated onto two HI agar plates, and one of them was irradiated with a germicidal lamp (Toshiba Co. Ltd., 15 w) at a distance of 30 cm for 30 sec. After 24 hr of incubation at 37 C, the colonies which grew well on a control plate without irradiation, but did not after irradiation, were picked and used for further study after confirmation of UV sensitivity.
Phage lysates. Phage lysates were obtained by addition of MC as described previously (14) . Phage lysates from MS3878 were subjected to three cycles of propagation on MS3937 his+ and PS80, by the soft agar layer method described by Swanstrom et al. (23) .
Transduction. Transduction was performed by the method described previously (12) , and 10-3 M CaCl2 2H2O was added to a transduction mixture of both phage lysate and recipient culture. An ovemight broth culture of MS3937-1 was spun down, washed twice with SYM by centrifugation, and suspended in the original volume of SYM. The transducing phage lysate was obtained from MS3937 his+ and diluted 10-fold with SYM. Equal volumes of both recipient and phage lysate were mixed and incubated at 37 C. After 45 min of incubation, the mixture was centrifuged at 10,000 x g for 10 min, and the recipient organisms were suspended in the original volume of SYM medium. A 0.1-ml portion of each sample was spread onto an SYM agar plate and incubated at 37 C. After 48 hr of incubation, the developed colonies were subjected to one cycle of replica-plating on SYM agar plate for selection of his+ transductants. As controls, phage lysate and recipient cultures were plated separately to check the contamination of his+ organisms.
Transduction by UV-irradiated phage lysate. The effect of UV irradiation on either viability or transducing capacity of phages was examined by the method of Arber et al. (1) . Ten milliliters of phage lysates (5 x 101 to 109 plaque-forming units [PFU]/ ml) was pipetted into a petri dish (10-cm diameter) and exposed to a germicidal lamp (Toshiba Co. Ltd., NG/ml or 1 gg of MC/ml at 37 C. Samples were withdrawn, and the number of colony-forming cells in each sample was enumerated by an ordinary agar dilution method. For the test of UV sensitivity, 5 ml of an overnight broth culture was pipetted into a petri dish (10-cm diameter) and irradiated by a germicidal lamp at a distance of 30 cm in a dark room. Samples were withdrawn at appropriate time intervals, and the number of colony-forming cells in each sample was enumerated under subdued illumination to avoid photoreactivation.
Uptake of radioactive thymidine by UV-sensitive mutants after UV irradiation. Strains MS3937-1, MS3937-2, MS3937-3, and MS3937-4 were inoculated at 37 C. An overnight culture of each strain was spun down, washed once with DDM medium by centrifugation, and resuspended in five times the original volume of DDM medium. After 1 hr of incubation, each bacterial suspension was divided into two portions, and one of them was exposed to UV irradiation for 30 sec and then supplemented with both 12.5 ,ug of deoxyadenosine/ml and 0. 4 MCi of '4C-thymidine/ml (specific activity, 57 mCi/Mmole). After incubation at 37 C, the samples were pipetted onto filter discs, washed in cold 5% trichloroacetic acid for I hr, and dried. The discs were counted by a Packard Tri-Carb spectrometer in 10 ml of scintillator.
Release of radioactivity from '4C-thymidinelabeled cells by UV irradiation. Strains MS3937-1, MS3937-2, MS3937-3, and MS3937-4 were inoculated in DDM medium at 37 C. A 1-ml amount of culture at early logarmithic growth phase was inoculated into 9 ml of DDM medium containing both 2 MCi of 14C-thymidine per ml and 12.5 gg of deoxyadenosine per ml. After 6 hr of incubation at 37 C with aeration, each of the cultures was washed twice with DDM medium by centrifugation, and the precipitated organisms were suspended in 100 ml DDM. After incubation at 37 C with aeration, the culture was supplemented with 30 Mg of thymidine/ml to reduce the reutilization of radioactive thymidine released from the cells. The cultures were irradiated by UV light and incubated with shaking. Samples (5 ml) of each culture were withdrawn at appropriate time intervals and placed into 5 ml of cold 10% trichloroacetic acid containing 100 ug of thymidine/ ml. After at least 2 hr in ice-cold water, the acid precipitate was collected on a glass filter in a Millipore apparatus, washed with 30 ml of cold trichloroacetic acid, and dried. The radioactivity of the acid precipitate on the glass filter was counted by a Packard Tri-Carb spectrometer in 10 ml of scintillation fluid.
RESULTS
UV sensitivity. Thirty-eight mutants sensitive to 30 sec of UV irradiation were isolated from MS3937-1, and three mutants (i.e., MS3937-2, MS3937-3, and MS3937-4) were selected from them by a test for UV sensitivity at 10 sec of irradiation. As shown in Fig. 1 , MS3937-1 showed a typical UV sensitivity curve with 0.1% survival by 60 sec of irradiation. The UV-sensitive mutants showed diphasic survival curves, indicating a greater sensitivity at lower UV doses than at higher ones. The UV-sensitive mutants with a 0.1% survival by 2 sec irradiation seemed to be about 30-fold more UV-sensitive than MS3937-1. To determine the initial shoulder at low UV doses, the UV-sensitive mutants were picked from the plate which had been irradiated by UV light for 30 sec and were inoculated in HI broth at 37 C in a dark room. After 18 hr of incubation, the cultures were spread on an HI agar plate and incubated at 37 C. After overnight incubation, five colonies which had survived this dose of UV irradiation were picked from each of UV-sensitive mutants, and their UV sensitivity was tested by the same method as described above. All isolates showed the same UV sensitivity as that of the original UV-sensitive parents, indicating that the apparently increased resistance to higher doses of UV irradiation was due to a chance of UV light hit and apparently not due to inheritable factors.
Effect of mutagens on UV-sensitive mutants. It is known that E. coli K-12 rec-are greatly sensitive to nitrous acid and to oxidizing and cross-linking agents (5, 11) . As shown in Fig. 2 , the UV-sensitive mutants of staphylococci were found also to be extremely sensitive to such agents as compared with MS3937-1.
Incorporation of I"C-thymidine. The effect of UV irradiation on the incorporation of radioactive thymidine into an acid-precipitable fraction was examined with MS3937-1, MS3937-2, MS3937-3, and MS3937-4. Early exponential-phase cultures of the strains were divided into two portions. One of them was kept as control, and the other was exposed to UV irradiation for 30 sec. The cultures were then supplemented with both deoxyadenosine and 14C-thymidine and incubated at 37 C. The incorporation of "C-thymidine into UVirradiated MS3937-1 is shown in Fig. 3 . By contrast, UV irradiation caused an almost complete inhibition of DNA synthesis in the UVsensitive mutants over 2 to 3 hr after irradiation, the incorporation being less than 10% that in the original strain. DNA degradation after UV irradiation. Strain MS3937-1 and the UV-sensitive mutants were inoculated into DDM medium containing 14C-thymidine. The fresh DDM medium, and resuspended in fresh DDM medium. The suspension was divided into three portions, and two of them were exposed to UV irradiation. The radioactivity remained in the acid-precipitable fraction after 10 sec of UV irradiation during 3 hr of incubation, but 29% loss was seen after 30 sec of UV irradiation. In contrast, the UV-sensitive mutants showed a remarkable loss of radioactivity in the acid-precipitable fraction after UV irradiation. But differences in the deoxyribonuclease production were not seen between the original strain and the UV-sensitive mutants. Accordingly, it was concluded that the increase in the level of radioactivity in the acid-soluble fraction reflected the UV sensitivity. From these results, it may be concluded that the UV-sensitive mutants seem to be a rec-type mutant.
Effect of UV irradiation on transducing phage lysates. The genetic determinant governing PC resistance (penicillinase production) in PS80 was known to be located on the chromosome (2) . The transduction frequency of PC resistance in PS80 was examined as a function of UV irradiation of transducing phage lysate. As shown in Fig. 5 , the transduction frequency of PC resistance increased 10 to 100 times with low UV doses and was decreased with increasing time of UV irradiation, whereas there was an exponential decay in plaque-forming ability of phages with increasing doses of UV irradiation. These results coincide with the previous findings of the chromosomal location of the pen-r determinant in PS80. By contrast, the transduction frequencies of TC, CM, and (TC CM) resistance in MS3878 were decreased linearly with the doses of UV irradiation (Fig. 6) . These results coincide also with our previous findings that these determinants in MS3878 were eliminated irreversibly by treatment with acriflavine (12 
